Recurrent major depression, RMD, is characterized by the occurrence of depressive episodes in the absence of mania and/or hypomania. In linkage studies, RMD (or, in general, unipolar depression) are frequently grouped together with bipolar illnesses into a broad definition of affective disorders. However, twin studies suggest that RMD and bipolar disorders might have different genetic determinants. The objective of this study was to test a set of families with RMD for linkage to chromosomes that have been recently proposed to contain susceptibility loci for bipolar disorders: chromosomes 16, 18, 21 and the short arm of chromosome 4. We analysed five large families from the northern part of Sweden ascertained through a proband with RMD and containing several patients with RMD. For the genetic analysis, we included only severely affected individuals (those who had at least three episodes that required medical treatment) to increase the chances of finding a larger degree of genetic determination. The genetic model led to a total disease prevalence of 5% in females and 3% in males. We did not find significant evidence for linkage to any of the candidate chromosomes in the combined family set. Only one of the families showed a slight indication for linkage with markers from the pericentromeric region of chromosome 18. A genome scan analysis on an extended collaborative family material with severely affected individuals with RMD should be performed to evaluate whether RMD and bipolar disorders have a different genetic etiology.
Introduction
According to DSM-IV criteria 1 the essential feature of major depression (or unipolar depression) is one or more major depressive episodes without a history of mania or hypomania. Major depression has been subdivided into major depression, single episode (only one episode) or recurrent major depression (two or more episodes separated by at least 2 months). Life time prevalence for major depression varies between 6% and 16% in women and between 3% and 9% in men. 2 Several studies have shown that unipolar disorders are familial. 3, 4 However, different twin and adoption studies attempting to estimate a degree of heritability resulted in conflicting findings. [4] [5] [6] [7] [8] [9] [10] One of the reasons might be that different studies applied different diagnostic criteria to ascertain their sample set. Recently, McGuffin and colleagues 11 conducted a twin study based on a hospital register of twins, ascertained through a major depression proband. They restricted their sample to cases of more severe pathology. The estimates of heritability for major depression were between 48% and 75%, depending on the assumed population risk. Shorter duration of episodes and an occurrence of more than two depressive episodes were associated with a higher degree of genetic determination. No evidence for an effect of shared family environment was found. Unipolar and bipolar disorders are clearly differentiated by the absence or presence of episodes of mania. However, in linkage studies, major depression has usually been included together with bipolar disorders into a broad definition of affective illnesses. There have been few recent attempts to perform association analyses exclusively on unipolar disorder cases, 12, 13 while linkage studies on families with unipolar depression have been attempted only by one group during the 70s and 80s. 14, 15 On the other hand, many linkage studies performed during the last 20 years on families with bipolar disorders have contributed to a long list of chromosomal regions with evidence for linkage to bipolar dis-orders. 16 The original observations have not yet been clearly replicated by others. An initial report of linkage on chromosome 11p in an Old Order Amish family 17 was not replicated by others 18, 19 and even weakened by a follow-up study of the same family. 20, 21 Positive scores on chromosome Xq27-28 22,23 also were followed by several conflicting results 24, 25 but supported in one. 26 More recent publications pointed to the possibility of linkage to chromosomes 4p, 27 18, 28-31 21q, [32] [33] [34] 16p 35 and Xq24-26. 36 However, these regions are large. For example, the proposed region on chromosome 18 spans about 136 cM and includes both chromosomal arms.
Several studies observed genetic anticipation in families with bipolar 37, 38 and unipolar 39 cases. Investigations of trinucleotide repeat expansions (a possible explanation for genetic anticipation) in families with bipolar disorders resulted in contradictory findings. [40] [41] [42] [43] These findings together with different linkage results suggest heterogeneity in affective illnesses. Therefore, a stringent distinction of different phenotypes of affective illnesses might help to unravel the genetic components of those disorders.
The objective of our study was to select families with RMD cases and analyze them for linkage to chromosomes suggested to contain susceptibility loci for bipolar disorders. Since the regions that contain potential loci are large, our first approach was to screen for linkage to the complete autosomes 16, 18 and 21 and the short arm of chromosome 4. Chromosome X was excluded as a candidate because the structure of our families did not seem to be compatible with X-linked inheritance.
Materials and methods

Family ascertainment and diagnosis
Fourteen multicase families with affective disorders were initially identified through a systematic screening of all records at the Department of Psychiatry, Umeå, Sweden. The families were ascertained through bipolar I, bipolar II and RMD probands. The complete experimental sample set consisted of 337 individuals. For further investigations, we have selected only families with RMD probands when at least two other members with RMD were available for the study.
In total, five families with RMD ( Figure 1 ; Table 1 ) consisting of 60 persons available for the study were chosen for the analysis. From 23 individuals having diagnosis of affective illnesses, 20 were diagnosed as having RMD, two had schizoaffective disorder and one had bipolar I.
Diagnosis was performed in accordance with DSM-IV criteria. 1 All individuals included in this study gave informed consent for the use of their clinical data for research purposes. In order to avoid identification, the samples were coded with blood numbers.
DNA analysis
Genomic DNA was prepared from peripheral blood lymphocytes by phenol-chloroform extraction. 44 Microsatellite polymorphisms were amplified by polymerase chain reaction (PCR). Six microsatellite markers located on chromosome 18q were typed using a radioactive detection method as described elsewhere. 45 The others were analyzed using the multiplex fluorescent detection method specified previously. 44 The fluorescent markers listed in the Weber set 6 46 were ordered from Genset (Paris, France). PCR reactions had a total volume of 10 l containing 50 ng DNA, 2.5 pmol of each primer, 12.5 mM of each dNTP and 0.5 U AmpliTaq polymerase (Perkin Elmer, Norwalk, CT, USA). After an initial step of 95°C for 5 min, PCR conditions were as follows: 10 cycles of denaturation at 94°C for 30 s, annealing at 50-58°C for 45 s, and elongation at 72°C for 1 min, 20 cycles of 89°C for 30 s, 50-58°C for 1 min, 72°C for 1 min and a final extension step at 72°C for 10 min. Amplification reactions were performed in a PTC-225 thermocycler (MJ Research, Watertown, MA, USA). Fluorescent PCR products were resolved on 4% polyacrylamide gel and detected using an ABI 377 DNA Sequencer (Applied Biosystems, Foster City, CA, USA). Sizes of marker alleles were defined using Genescan analysis 2.0.1 software (Applied Biosystems). Analyzed data were imported to Genotyper version 1.1 software package (Applied Biosystems) for an allele calling procedure and to make a final table of genotypes.
Overall, we have genotyped 27 microsatellite markers spanning the chromosomes 16, 18, 21 and the short arm of chromosome 4 with an average distance of 12 cM. There were two gaps (25 and 29 cM) on chromosome 16q telomeric end, two gaps of 21 cM on 21q telomeric end and 16p centromeric region. Distances for the markers were taken from the homepage of the Cooperative Human Linkage Center (http://www.chlc.org/HomePage.html).
Linkage analysis
Pairwise linkage analysis was carried out with the MLINK option of the LINKAGE software package. 47 Affection status was defined as described in the Results section. As the structure of our pedigrees suggested that X-linked mode of inheritance is unlikely, we used models for dominant and recessive trait only. The frequency of the disease-causing allele in the dominant model was assumed to be 3%, while in the recessive model the disease allele frequency was 25%. The mutation rate for both models was set to be 10 −6 and recombination rates for females and males were equal. To account for the age-dependent penetrance the individuals were classified into three groups: 20-40 years old, 40-60 years old and older than 60. To stress the differences in penetrance and phenocopy rates of the two sexes, females and males were divided into different liability classes. Maximum penetrance for females was 70% and for males 50% and phenocopy rates were 0.5% and 0.1%, respectively. The models led to a total disease prevalence of 5% in females and 3% in males. The calculations were performed assuming 100% homogeneity. Marker allele frequencies were calculated from the genotypes of typed persons. 
Simulation analysis
Simulation analysis was performed using SLINK of the LINKAGE package 47 to determine the probability of detecting linkage in our family set. The same genetic models and affection phenotype definition as described in the previous section and the results section, respectively, were used for this analysis. Genotypes were simulated for a marker with five alleles of equal frequencies. The marker was assumed to lie at a recombination distance of 0.01 (linked) or 0.5 (unlinked) to the disease gene. All the families were considered to be homogeneous. Simulations were carried out for 500 replicates. The results for dominant models and recessive models assuming 100% homogeneity under assumptions of tight linkage ( = 0.01) and no linkage ( = 0.5) are summarized in Table 2 . For the combined family set under the assumption of tight linkage, the dominant model resulted in an average lod score of 1.7 and a maximum lod score of 4.5. The recessive model resulted in an average lod score of 1.17 and a maximum lod score of 3.5. Simulation results for each family separately indicated that only two families (No. 26 and No. 35, Figure 1 ) were large enough to contribute with lod scores of suggestive significance (higher than 1).
Results
Definition of the affected phenotype for linkage analysis
The criterion for a person to be considered affected in the linkage analysis was determined following the suggestion by McGuffin et al that more than two depressive episodes and shorter duration of episodes are associated with higher degree of heritability.
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Therefore, for the linkage analysis, we decided to include as affected only individuals who had psychiatric records revealing у3 depressive episodes (Table  1) . Persons who had undergone a test of personality traits and did not indicate any signs of depression or other psychiatric disorders during an interview, were considered as unaffected. Individuals who did not meet the criteria mentioned above, did not have psychiatric records from a psychiatric institution, had other psychiatric diagnosis or persons younger than 20 years old were excluded from the linkage analysis (they are indicated with (?) in Figure 1 ).
As seen in Table 1 , there were 19 persons who met the criterion for affection status described above. Seventeen of them were patients with RMD and two had schizoaffective disorder. In spite of a tendency to con- sider schizoaffective disorders to be more related to bipolar disorders than to unipolar disorders, we decided to include the two schizoaffective persons into the analysis as affected because they had a substantial number of depressive episodes during the course of the illness and, thus, perfectly complied with the criterion. However, the exclusion of those individuals did not significantly change the results (not shown). Three recurrent depression patients who did not meet the criterion described above and the bipolar I patient were specified as 'phenotype unknown' and did not influence the analysis significantly.
Two-point linkage analysis for candidate chromosomes
Results from two-point lod score analysis of the tested markers are summarized in Table 3 . For the whole sample set, none of the loci tested disclosed a compelling evidence for linkage. Examining the results for each family separately, only family 26 gave lod score values higher than one for three markers in the pericentromeric region of chromosome 18 (D18S542, D18S34 and D18S69) under the dominant genetic model, and for two of the markers (D18S542 and D18S34) under the recessive model. In the table the lod scores are also indicated for other markers with values higher than The table shows only the lod scores higher than one standard deviation above the expected average lod score obtained by simulation for each family. Also, lod score values higher than one are in italic. For the whole family set, overall lod scores are shown in the right side of the table ('All families') for = 0, except for the lod scores indicated with '*' where they reach max at = 0.1. The markers are listed according to their positions in each chromosome (second column), and the recombination distances (in cM) between them are indicated on the left side. Family numbers (families are shown in Figure 1 ) are indicated in the top row of the table. The genetic models under which the given lod scores were obtained were: 'dom' (dominant model) and 'rec' (recessive model).
Discussion
We have selected familes with RMD and performed a screening on the chromosomes recently suggested to contain susceptibility loci for bipolar disorders (chromosomes 4p, 16, 18 and 21). We found no significant or suggestive evidence for linkage to the candidate chromosomes in the whole family set while in one of the families there was an indication for linkage with markers from the pericentromeric region of chromosome 18. According to the results from the simulation analysis (Table 2) , estimated average lod score under linked conditions for the whole sample set was 1.7 for the dominant model (1.2 for recessive) and the probability of obtaining a lod score over 3 was 10% (1% for recessive). Simulations under no linkage gave an average lod score of 0.13 (0.13 for recessive) and a 1% probability of obtaining a lod score over 1.5 (0.6% for recessive). These results suggested that our material might be able to provide results of pointwise significance testing candidate loci in the whole family set, though it would be too weak for a whole genome scan. 48 Moreover, the absence of compelling evidence for linkage for the whole family set should be taken with caution, since the size of the material is small.
In previous studies, unipolar and bipolar disorders have usually been grouped into a broad definition of affective illnesses. 27, 28, 32, 35, [49] [50] [51] [52] [53] For example, in the most recent studies [49] [50] [51] [52] [53] three models of affection status have been used: model I considered as affected individuals with bipolar I and schizoaffective-bipolar diag-noses, model II included those diagnosed under model I and those with bipolar II diagnosis, model III included persons diagnosed under model II and all individuals with unipolar recurrent depression. Therefore, unipolar disorders were not considered as an independent genetic disease. This was probably influenced by previous twin studies which showed a low degree of heritability (21-24%) of unipolar disorders 9,54 while heritability of bipolar disorders was much higher (up to 70%). 3 However, recent twin studies 10,11 using more stringent diagnostic criteria for major depression resulted in considerably higher heritability values (48-75%). These latest studies, together with our observation that families with bipolar probands usually have both unipolar and bipolar diagnoses within the family, while families with RMD probands had almost exclusively unipolar depression cases, suggest that severe unipolar depression might have a different or partially different genetic etiology than bipolar illnesses.
In our study, the criterion for a person to be considered affected in the linkage analysis was that he or she had at least three depressive episodes that required medical treatment. The criterion was based on the observations by McGuffin et al 11 indicating that more than two episodes and shorter duration of episodes are associated with a higher degree of heritability. We thus selected the restrictive criterion for affection status described above to improve the chance to find genetic components and to reduce heterogeneity in the selected sample. Furthermore, all the families descended from the neighboring regions of the northern part of Sweden, an isolated region in the past. Therefore, we assumed that we had a genetically homogeneous sample and we conducted all our calculations assuming 100% homogeneity. The affection trait model was based on conservative genetic parameters for bipolar disorders, but we assumed different penetrance and phenocopy rates for females and males. As the mode of inheritance in our family set seemed to be inconsistent with X-linked inheritance, we tested only dominant and recessive models. The overall prevalence of the disease in our analysis was 5% in females and 3% in males, corresponding to the lower end of range for the assessed lifetime prevalence of DSM-III-R major depression. 2 Such reduced prevalence would be expected for the most severe cases of major depression.
For the whole family set, pairwise linkage analysis of all candidate regions did not reveal any suggestive or significant linkage values. However, the analysis of each family separately showed three markers in the pericentromeric region of chromosome 18 (D18S542, D18S34 and D18S69) with lod scores higher than 1 in family 26 (Table 3) . Interestingly, the marker D18S542 lies in the same region as markers with the highest scores in the analysis of families with mixed bipolar and unipolar cases. 28 However, according to the simultations there is a 2% probability of obtaining a lod score higher than 1 by chance in this family (data not shown). If there is a susceptibility locus on chromosome 18 in just one family, this might indicate heterogeneity in our family set or the presence of one of several loci contributing to the cause of the disease in families with unipolar disorders.
The main question, whether there are common genetic determinants for unipolar and bipolar depression, remains to be answered. A possibility is that a certain part of the genetic components overlap in these illnesses while other genetic factors might be different.
In summary, we have used stringent criteria to select families with several cases of severe RMD to test for linkage to candidate chromosomes for bipolar disorders (4p, 16, 18 and 21) . All the families together did not result in a suggestive score for any of these chromosomes. However, a few markers in the pericentromeric region of chromosome 18 showed suggestive scores in one family.
A complete genome screening on extended collaborative families with diagnosis exclusively of severe RMD might provide new susceptibility locus/loci for unipolar disorders. Such screening will help to distinguish whether unipolar and bipolar illnesses are caused by the same genetic factors or represent conditions of different genetic etiology.
